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CrossMark

OPPER (Cu) and zinc (Zn) are micronutrients needed for organisms, however, they are

heavy metals and may become toxic to the organisms when exceeding the allowable limit
in the environment. Two soil types of marine and alluvial were sampled in the North Nile Delta,
Egypt. Copper (Cu) and zinc (Zn) were analyzed to investigate the availability and to evaluate
ecological risk assessment and identify pollution sources. Cu and Zn were extracted from soil
samples by DTPA-TEA. The higher content of Cu was recorded in alluvial soil, especially in
the surface, while Zn concentrations in both soils didn’t differ with depth. Six indices were used
in this study to evaluate the potential ecological risk of Cu and Zn in the examined soils. The
results of these indices revealed that affecting Cu and Zn anthropogenically in some profiles
of the studied soils. As well, the results of principal component analysis (PCA) showed that
Cu and Zn in marine soils mainly originated from anthropogenic source, while this is true in
alluvial soil in Zn only. Human and agricultural activities may be the main source of Cu and Zn
especially fertilizers and pesticides, which indicates that there may be environmental threating
by those metals in the study area in the future.
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Introduction

Recently, environmental pollution is one of
the major issuesthat threatenthe human health
andsustainable development. Heavy metals
(HMs) among many pollutantsand their
ecological impacts haveattracted the grown
attention from the academic and public because
unlike other pollutants, HMsare toxic at low
threshold concentrations,are generally refractory,
persistent and can’t be degraded or -easily
detoxified or removed biologically. In addition,
they are accumulated biomagnificatedin living
tissues and concentrated in several food chains
and webs (Li et al., 2018; Rehman et al., 2018; Li
etal. 2019;Xu et al., 2019; Jiang et al., 2020).The
soil acts as a sink for metals and has been polluted
anthropogenically by heavy metals at a growing
rate consequent to intense urbanization and rapid

industrialization. Solid waste disposal vehicular
exhaust, fertilization, wastewater irrigation,
and industrial activities (such as mining, metal
melting andprocessing) all contribute to metals
accumulation in the soil (Shi et al., 2018). In soil,
HM:s can degrade the quality of both soil and grain
crops, as well, they cause great risks to the human
health. For example, soil HMs accumulation
can lead to destructing soil functions (then
sustainability), as well, the deficiency of soil
nutrients, whichconsequently influences the yield
and quality of crops. Furthermore, HMs in soil
mainly reach the human body through ingestion,
inhalation, and skin contact, which may pose
threats to anthropological health (Domokos-
Szabolcsy et al., 2017; Elbasiouny et al., 2017;
Jiang et al., 2020).

Among the HMs, copper (Cu) is special, as it

Corresponding author: fathyelbehiry@gmail.com
Received 13/12/2019; Accepted 31/12/2019
DOI: 10.21608/jenvbs.2019.20947.1078

©2019 National Information and Documentation Center (NIDOC)



256 HEBA ELBASIOUNY AND FATHY ELBEHIRY

is not only a micronutrient element for organisms,
but also it is an environmental polluting and toxic
element. Excessive Cu can extremely affect the
plants’ and animals’growth. Recently moreover,
clinical medical research hasrevealed the incidence
of cancer-related to increase in Cu concentration
in the human serum (Li et al. 2019; Micijevi¢ et
al., 2020). Rahman et al. (2018) reported that Cu
stimulates depression and finally lung cancer.
Zinc (Zn) also is an essential micronutrient in
the soil and all living systems and has particular
physiological functions (Alloway, 2008). The
Zn,because of its concentration in the soil (10-300
ppm),can be counted as a trace element (TE) in
soil (Lindsay, 1972). In common like other plant
micronutrients, Zn can limit plant growth when it is
present in excessive concentrations, as well as soil
microorganisms affect by excessive and soil fauna
(Alloway, 2008). The fate of several types of Zn
is different and relies on its chemical properties in
different soil types, and thus, it is hard to evaluate
the overall level of Zn contamination (Micijevié
et al., 2020). Agricultural practices, among other
sources, are key sources of increasing Cu and Zn
levels in surface soils (Kabata-Pendias, 2011).

Therefore, assessment and evaluating of
HMs pollution in soil is very essential to be
investigated(Rahman et al. 2018). Ecological risk
assessment (ERA), in this context, is one of the
effectiveapproaches to qualifying the ecological
hazards of pollutants and forecasting the damaging
effects of the contamination on ecological systems
(Shi et al., 2018 and Xu et al., 2019).

Although, the Nile Delta is one of the
eldest intensely cultivated regions on the Earth
(Elbasiouny et al., 2017). There is alack of
information about evaluating risk assessment of
heavy metals, especially, those that have many
advantages to plant and organisms in ecosystems
such as Cu and Zn. Therefore, this study aims to
investigate the Cu and Zn mobility in two types of
soils (i.e. alluvial and marine) in North Nile Delta,
Egypt and their vertical distribution through soil
profiles; and to evaluate the potential ecological
risk of both metals in these soils.

Martial and Methods

Investigation area

The Egyptian Nile Delta Mediterranean coast
is one of the greatest important estuaries in the
Mediterranean Sea. The investigation area is
located in Kafr Elsheikh Governorate the northern
part of Nile Delta, Egypt. This Governorate is
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sited between longitudes 30° 20°E and 31° 20'E
and latitudes 31° 0O0'N and 31° 40'N. Alluvial
plain presents 71.08% of physiographic soil units,
while marine plain presents 9.57% of the total
area. More details about the study area have been
published in Elbehiry et al. (2017); Elbasiouny
(2018); Elbehiry et al. (2019) and El-Ramady et
al. (2019).

Sampling, preparation samples and its analysis

Soil samples were collected from 8 profiles,
four soil profiles were collected from marine
soil (P1, P2, P3, and P4) and four profiles from
alluvial soil (PS5, P6, P7, and P8 as in Fig. 1.
The soil samples were collected in triplicates at
three depths (i.e., 0-30, 30-60, and 60—-100 cm)
in each profile.The samples were composited,
homogenized and air-dried, crushed, and
sieved to 2 mm. physiochemical analyses were
accomplished on soil according to Sparks et al.
(1996) as follows:

Soil pH was measured in 1:2.5 (soil: water)
suspension. The Walkley—Black method was used
to determine soil organic matter (SOM). Particle
size distribution was performed by the pipette
method. The available concentrations of Fe, Cu,
and Zn were extracted by diethylene triamine
pentaacetic acid-triethanol amine (DTPA-TEA).
1.967 g of DTPA was dissolved in distilled water
(in a 500 ml beaker), then 1.470 g of calcium
chloride (CaCl)) was weighed and added to the
solution of DTPA. 14.91 g of TEA was added
DTPA solution and volume was increased to
400 ml with distilled water. pH was adjusted to
7.3 with 6 N HCI. The concentrations of Fe, Cu
and Zn were then measured by atomic absorption
spectrometry (AAS) (GBC Avanta E, Victoria,
Australia).

Ecological risk assessment

In this study, the metals content in the
last soil layer (60-100 cm) was considered as
a geochemical background of metals in the
investigated soils (Mazurek et al., 2017). Using
this way for a practical contamination assessment,
it is may establish local baselines concentration
by the average of many low concentration
samples picked from the deep and least affected
level of soil samples. Pollution indices, in this
study, is quantified as the amount (or ratio) of
metal enrichment in sample over the present
concentrations in the reference material. Three
indices were used for the environmental risk
assessment as follows :


https://www.sciencedirect.com/science/article/pii/S0065211308606355#!
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Enrichment factor (EF)

The EF is a useful index to determine the
anthropogenic degree of metal pollution (Chen et
al. 2007; Aitta et al., 2019). The EF is calculated
using equation 1:

(MR sampie

EF =
(%) background

Eq.1

EF is mainly used to find out the potential sources
of pollution and the effect of human activities on
soil contamination and human health. EF values
were referred as suggested by Miiller (1981).,
where: EF<1 : means there is no enrichment; 1<
EF < 3: indicates minor enrichment; 3< EF <5: is
moderate enrichment; 5< EF < 10 meansrelatively
severe enrichment; 10< EF< 25:indicates severe
enrichment; 25< FE < 50: refers to highly severe
enrichment; and EF > 50: is extremely severe
enrichment. Fe was used in Eq. 1 as a reference
metal acts as a proxy for the soil clay content and
as an acceptable normalization metal (Abrahimand
Parker, 2008).

Contaminant factor (CF)

The CF is the ratio obtainedby dividing each
metal concentration in the soil over the metal
background value as described by Hékanson(1980)
in Eq. 2.

(Metal)in sample

CF =
(Metal)in background

Eq.2

Where: CF higher thanl:signifies to low
contamination; 1< Cf <3:suggests moderate
contamination; 3< Cf <6:means considerable
contamination; and Cf > 6:signs to very high
contamination.

Contamination degree (CD)

The CD was calculated as the total CF for all
samples (Eq. 3) as proposed by Hakanson (1980)
in Eq. 3:

CD = i CF
i=2
Eq. 3

Where: CD lower than 6 indicates a low
contamination degree; 6< CD < 12: is a moderate
contamination degree; 12 < CD < 24 : refers to a
highcontamination degree; and CD > 24 : reveals

a very high contamination degree, pointing to
serious anthropogenic pollution

Geo-accumulation index (Igeo)

The Igeo index estimates the natural variability
in metal distribution and the anthropogenic effects
(Zhang et al., 2018). This index can be calculated
as described in Eq. 4:

Igeo=log 2[Cn/(1.5 x Bn)] Eq. 4

Where: Cn is the concentration of (n) metal in
the soil, while Bn is the value of geochemical
background of this metal in the local soil parent
material (Zhang et al., 2018). The level of
pollution is divided into 7 grades, which range
from no pollution to extremely strong pollution,
according to the Igeo value. The seven classes of
Igeo proposed by Miiller (1969) are :

Class 0 :lgeo <0 (uncontaminated);

Class 1: 0 < Igeo < 1 (uncontaminated to
moderately contaminated);

Class 2 : 1 < Igeo < 2 (moderately contaminated);
Class 3: 2 < Igeo £ 3 (moderately to heavily
contaminated);

Class 4: 4 < Igeo < 5 (heavily to extremely
contaminated); and

Class 6: Igeo > 5 (extremely contaminated)
(zhang et al., 2018).

Potential ecological risk (PER)

The PER also integrates factors of the PER of
each metal together and relates their ecological
and environmental impacts with their toxicity.
This index is calculated by the following equation:

RI =3P { Er =3, Tri = Cfi
Eq.5

I
PER — E Eri

i—1

Eq. 6
Eri is the ecological risk potential of each metal,
and Tri is the toxic response coefficient. In this
study, Tri values calculated by Hakanson (1980)
were used, which were 5 and 1 for copper and zinc.
The interpretive classifications of Eri index are:
<40 low, 40-80 moderately, 80-160 considerable,
160-320 high, 320< very high. PER index is a
comprehensive PE indexpresenting the sum of
Eri. The interpretive grades of PER are low which
is higher than 150; 150 to 300 is moderate; 300
to 600 is sever; and higher than 600 is serious
(Suresh et al., 2012).
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Statistical analysis

Descriptive statistical analysis of Cu, Zn
and soil variables was performed with the
software packages of SPSS statistics package 20
and with Microsoft Excel. Two-tailed Pearson
correlation coefficient was applied to understand
the correlations among available concentrations
of Cu, Zn and soil variables and to evaluate
how well the sources and the route of Cu and Zn
contamination if they correlated to each other.
Principal component analysis (PCA) was used
in the analysis of soil variables to determine the
magnitude of these variables on Cu and Zn.

Results and Discussion

The characteristics of studied soils

The soils differed in their physical and
chemical properties as well as in their DTPA-
extractable Fe, Cu and Zn concentrations (Table
1), and this reflects the diverse geological nature
of the parent materials. Although both soils were
alkaline. The soil pH in marine soil ranged from
8.05 to 8.62, 7.91 to 8.87, and 8.06 to 8.75 in

30"44;'30"E

surface, subsurface and lower layers respectively,
while in alluvial soil ranged from 7.88 to
8.21, 8.02 to 8.22, and 7.91 to 8.27 in surface,
subsurface and lower layers respectively (Table
1). The texture in marine soil was dominated
by sandy, while alluvial soil was dominated
by silt clay texture as described in Elbasiouny
and Elbehiry (2019). The SOM in marine soil
ranged from 0.3 to 6.7, 0.2 to 2.7, and 1.7 to 2.9
g kg! in surface, subsurface and lower layers,
respectively, while in alluvial soil, it was higher
and differed from 18.8 to 20.2, 7.4 to 30.6, and
6.7 to 13.2 g kg!' in surface, subsurface and
lower layers, respectively. The mean DTPA-
extractable Fe ranged from 104.3 to 178.3 ug
¢! in alluvial soil, while in marine soil ranged
from 89.1t0 99.1 ug g (Table 1). The data trends
concentrating the values of soil properties, in case
of positive skewness, in the right tail greater than
the median, whereas the opposite is right in the
negative skewness. The skewness can be ascribed
to the extreme values in some soil properties
(Chaminade, 2005 and Elbasiouny et al., 2014).
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Fig.1. Samples location in Marin soil (P1, P2, P3, and P4) and Alluvial soils (PS, P6, P7, and P8)
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TABLE 1. Physiochemical characterizations and metal concentrations of the studied soils

Soil Depth pH SOM Sand Silt Clay Fe Cu Zn
(cm) 1:1 ngg! % ngg!
Marin soils
Min 8.05 030  921.9 10.2 5.1 84.59 0.20 0.54
Max 8.62 670 9846 446 335 9923 0.60 0.77
Mean 8.26 268 9648 216 136 90.57 0.36 0.68
0-30 SD 0.26 2.20 2.96 1.62 1.35 6.26 0.15 0.09
Skewness  1.22 1.51 -1.63 1.47 1.79 1.13 0.88 -1.49
Kurtosis ~ 0.65 2.66 2.50 1.76 3.22 1.59 -1.48 2.80
Min 7.91 020 9215 52 5.1 69.06 0.22 0.53
Max 8.87 270 9892 262 523 120.19 1.48 0.86
060 Mean 8.30 123 9687 13.0 18.3 89.11 0.76 0.66
SD 0.41 1.10 3.16 0.99 228 21.9 0.55 0.14
Skewness  1.09 0.56 -1.91 0.91 1.93 1.35 0.74 1.19
Kurtosis ~ 1.10 2.79 3.69 -0.99 3.76 232 0.77 1.63
Min 8.06 170 4737 5.8 5.8 84.43 0.54 0.52
Max 8.75 290 9883 2105 3158 11074 072 0.85
60100 Mean 8.22 178 8524 593 883  99.09 051 0.60
SD 0.40 109 2526 1009 1517  12.52 021 0.20
Skewness  0.65 086  -1.99 1.98 1.99 -0.35 122 0.39
Kurtosis ~ 0.42 1.01 3.98 3.95 3.98 3.63 221 -0.02
Alluvial soils
Min 7.88 1680 406 1683 2506  89.89 1.71 0.42
Max 8.21 2020 2259 7087 6058 17834  3.66 0.92
0-30 Mean 8.05 1865 962 4870 4168 13719 271 0.68
SD 0.15 1.42 869 2278 1461 3631 0.79 021
Skewness  0.00 -0.58 1.93 1,19 0.46 -0.50 -0.16 031
Kurtosis ~ -3.47 0.86 3.74 227 1.39 1.58 1.26 -0.19
Min 8.02 7.40 252 4243 4440  86.32 1.68 0.47
Max 822 3060  120.1  530.8 5092 16771 2.88 1.14
Mean 8.13 1620 544 4704 4752 11515  2.17 0.71
30-60 SD 0.08 9.88 4.46 4.42 3.04 3670 0.55 0.31
Skewness  -0.65 1.50 1.77 0.93 0.14 1.50 0.74 131
Kurtosis ~ -0.87 2.82 3.10 1.98 3.82 2.08 -1.53 1.03
Min 7.91 6.70 42.1 4427 3097 104.34 1.02 0.27
Max 8.27 1320 1846 5058 4735 11734 2.89 0.85
£0.100 Mean 8.07 9.28 110.5 4813 4082  103.56 1.86 0.60
SD 0.16 3.02 5.98 271 7.72 14.67 0.77 0.24
Skewness  0.35 0.81 025 137 072 122 0.76 -0.96
Kurtosis ~ -325  -1.38 0.10 230 -1.91 1.87 1.80 2.02
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DTPA-TEA extractable Cu and Zn in soil and
their vertical distribution

The DTPA-TEA Cu mean concentration
values in marine soil represented 0.36, 0.76 and
2.71 pg g'tin surface, subsurface and lower layers
respectively. Whilst, the Cu mean concentration
values in alluvial soil recorded 2.71. 2.17. and
1.86 ng g' in surface, subsurface and lower
layers, respectively. According to Santos et al.
(2013) the total concentrations of Cu and Zn in
soil are a fair indicator of availability, however,
they do not present conclusive information
regarding the environmental impacts of this
availability. Thus, the available Cu and Zn to
the biota, if used as nutrients or toxic metals, in
addition to their mobility are significant factors
to care about when investigating the effects of
these metals on the environment. Our mean Cu
values are close to Niesiobedzka (2016) values in
acid to mild alkaline soil, while their Zn values
were higher than our values. DTPA, EDTA and
acetic acid extractions are always used for studies
about soil physicochemical processes such as
trace metal mobility (Peijnenburg et al. 2007
and Niesiobedzka, 2016). The general view of
vertical distribution of DTPA extractable soil Cu
is the mean values increased with depth in marine
soil, while it decreased with depth in alluvial
soil. In details, it is indicated, from Fig. 2, that
there is no clear trend of vertical distribution of
DTPA extractable Cu on the level of each profile.
Kabata-Pendias (2011) reported that important
factors affecting the Zn mobilityin soil are very
similar to factors listed for Cu, however Zn seems
to occur in more readily soluble forms.

The Zn mean concentration values in marine
soil represented 0.68, 0.66 and 0.60 pg g'in
surface, subsurface and lower layers, respectively.
Whilst, the Cu mean concentration values in
alluvial soil recorded 0.68. 0.71 and 0.60 ug g'in
surface, subsurface and lower layers, respectively.
It seems like the vertical distribution of mean
values of DTPA extractable Zn is decreased with
depth on the contrary of DTPA extractable Cu
in marine soil, while in alluvial soil there is no
clear trend. In details, it is indicated also, from
Fig. 3, that there is no clear trend of the vertical
distribution of DTPA extractable Zn on the level
of each profile.

Ecological risk assessment of Cu and Zn in the
studied soils

Evaluation results of ERA indices for Cu and
Zn are shown in Table 2. Ideally, EF values of > 1.5
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reveal that the metal is totally from crustal sources
(i.e. a weathering product), whereas EF values of
< 1.5 is a sign of noncrustal sources contribution
of metal (i.e. biota and/or pollution) (Zhang and
Liu 2002; Chen et al. 2007 and Elbehiry et al.,
2019). According to this statement and the values
in Table 2, Cu is from crustal sources in marine
soils, while in profiles 5 and 6, in alluvial soil, the
Cu came from noncrustal soil. EF values of Zn in
marine soil indicated its noncrustal source in all
profiles except profile 3, while in alluvial soil, the
same result of noncrustal source was observed in
profiles 5 and 6. According to Sutherland (2000)
and Elbehiry et al. (2019), where an EF of > 2
indicates no to minor contamination. Thus, these
results indicated that there are some profiles,
either in marine or alluvial soil, are affected
by anthropogenic sources of Cu and Zn. Thus,
attention should be paid to the environment in this
area because this pollution may increase in the
future.lIt is observed also that EF values of Cu are
higher in alluvial soil than marine one, while the
opposite is true in Zn. This observation also was
noticed in CF, Igeo and Tri values in both soils.

The CF values also showed low level or
moderate contamination of Cu and Zn in the
investigated profiles in sandy and clay soil, where
the CF values are implied on the first and second
categories of CF scale (i.e. CF < 1 represents a
low level of contamination and 1 < CF < 3 shows
a moderate level of contamination) (Hakanson ,
1980 and Elbehiry et al., 2019).

The contamination level of Cu and Zn (no to
minor contamination), in both examined soils, is
confirmed also by Igeo values that proposed by
Miiller (1969) and Zhang et al. (2018), where
the values of Igeo recorded between 0 <Igeo < 1,
which indicate uncontaminated soil to moderately
contaminated one (Class 1 of Igeo scale of 7
classes). This also in the same line with the
previous result of EF.

The Eri results in Table 2 indicates also low
contamination of extractable soil Cu and Zn.
Its mean value in Cu recorded 3.84 and 7.09 in
marine and alluvial soil respectively. On the other
side, its mean value in Zn represented 1.22 and
1.04 in marine and alluvial soil respectively.Eri
and Igeoindices are used in the literature also to
evaluate the ecotoxicological effect of pollutants
on the organisms because of human activities
(Naifar et al., 2018 and Arfaeinia et al., 2019).
This can give a sign of utilizing and planning this
area in the future.
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Fig. 2. Vertical distribution of Cu in marine (P1, P2, P3 and P4) and alluvial (P5, P6, P7 and P8) soil profiles
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Fig. 3. Vertical distribution of Zn in marine (P1, P2, P3 and P4) and alluvial (P5, P6, P7 and P8) soil profiles
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TABLE 2. Risk assessments for Cu and Zn usingenrichment factor (EF), geoaccumulation index (Igeo),
contamination factor index (CF), and ecological risk assessmentof the studied soils

Soil EF Cf Igro Eri

profiles Cu Zn Cu Zn Cu Zn Cu Zn PER o

Marin soils
P2 0.40 1.91 1.05 1.46 0.21 0.29 5.24 1.46 6.70 2.51
P3 0.19 1.17 0.34 1.11 0.07 0.22 1.72 1.11 2.83 1.45
P4 0.40 0.78 0.57 0.84 0.11 0.17 2.85 0.84 3.68 1.40
P9 0.54 1.61 1.11 1.48 0.22 0.30 5.56 1.48 7.04 2.59
Mean 0.38+ 1.37+ 0.77+ 1.22+ 0.15+ 0.25+ 3.84+ 1.22+ 5.06+ 1.99+
0.15 0.50 0.37 0.31 0.07 0.06 1.86 0.31 2.12 0.65

Alluvial soils
P10 1.09 0.52 2.68 1.00 0.54 0.20 13.40 1.00 14.40 3.68
P11 1.56 1.14 1.53 0.98 0.31 0.20 7.63 0.98 8.61 2.51
P13 0.76 0.59 0.59 0.89 0.12 0.18 2.96 0.89 3.85 1.49
P15 0.81 0.98 0.87 1.27 0.18 0.25 437 1.27 5.64 2.14
Mean 1.06+ 0.81+ 1.42+ 1.04+ 0.28+ 0.21+ 7.09+ 1.04+ 8.13+ 2.46+
0.37 0.30 0.93 0.16 0.19 0.03 4.64 0.16 0.4.26 0.92

The mean value of PER recorded 5.06 in
marine soil, while its corresponding mean value in
alluvial soils recorded 8.13 According to Suresh
et al. (2012), PER values reveals low potential
ecological risk of Cu and Zn in both investigated
soils. It signifies the sensitivity of a biological
community to the toxic substances and explains
the potential ecological risk produced from the
overall contamination (Suresh et al., 2012).

The mean value of CD recorded 1.99 in
marine soil, while its corresponding mean value in
alluvial soils recorded 2.46. All values were lower
than 6 indicating low contamination by Cu and
Zn in the studied profiles.Elbehiry et al. (2019)
indicated through their study on the whole Kafr
Elsheikhgovernorate that CD values of selected
metals signs to low (Mo and V) or moderate (Sb
and Sr) contamination in this area.

In general, soil HMs are either from natural
source or from anthropogenic inputs. Natural
source is associated with parent material, while
anthropogenic inputs mainly result from industrial
manufacture and discharge, coal combustion,
vehicle emissions and agriculture activities
and so on (Jiang et al., 2020). Our results and
Elbehiry et al. (2019) indicate that human
activities and management practices on this area
are still not posing pressures by Cu and Zn on

the environment. This could be considered in the
future planning especially in the coastal degraded
area in the Nile Delta, because any activities,that
can present a pollution source in this area, may
pose a threat to the environment. However, more
studies are still required for more details especially
spatial distribution studies.

Correlation matrix and Principal Component
Analysis (PCA)

The results of correlation matrix revealed
that Cu and Zn were insignificantly correlated,
suggesting that these metals have different sources
(Table 3). This result is in agreement with Kumar
et al. (2019) who found insignificantly correlated
between Cu and Zn in agriculture and urban
soils. However, Suresh et al. (2012) observed the
strongest positive correlation between Cu and Zn.
Suresh et al. (2012) studied the distribution of Cu
and Zn among other metals is Veeranam Lake in
India , which is different in its climate, in addition
that the behavior of Cu and Zn may differ in the
sediment than in the soil. The data in Table 3
also show that the major factors controlling Cu
concentration in soils are SOM, Fe, silt and clay
content which effectively influence mobility and
solubility of Cu in the soil solution. According to
Kabata-Pendias (2011), SOM is one of the most
important factors affecting Cu, as well Zn, in the
soil. The results in Table 3 also revealed that Cu
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was negatively correlated with sand (R?>= - 0.79).
In this study also, insignificant difference was
observed between Zn and other soil parameters
(Table 3). Arfaeinia et al. (2019) who found
insignificant difference between Zn and soil
fractions (sand, silt and clay).

The PCA was performed to further assist the
identification and analysis of sources of metals
in soil. First, the results of Kaiser—Meyer—
Olkin (KMO > 0.60) and significance Bartlett’s
phericity tests was p = 0.001, which generally
indicated that the values were suitable for PCA.
The achieved PCA involving loadings, eigen
values and %variance is given in Table 3 and
Fig. 4. Eigen values greater than 1 are considered
significant (Zhanget al., 2018). The PCA of
marine soil indicates that pH, sand, silt and clay
excited in factor 1 and explained 45.5% of the
total variance. Factor 2 accounted for 26.8% of
the total variance and had strongly and positively
related to Cu and Zn. SOM contributed to factor
3 and explained 13.5% of the total variance. PCA
of alluvial soil had positively related to Cu and Zn
in factor 1 and accounted for 32.1% of the total
variance. The pH and Fe contributed to factor 2
and explained 20.4% of the total variance, while
factor 3 had maximum loadings on SOM and
accounted for 17.2% of the total variance.

Several studies have proved that the association
of Cu and Zn with the PCA can be indicated by the
anthropogenic activities or diagenetic processes
(Liu et al., 2015). Mico et al. (2006) and Jiang
et al. (2020) also indicated that Cu and Zn are

typically anthropogenic, and their compounds
were mainly used in agricultural fertilizers and
pesticides in addition to the productions from
wastewater. Thus, PC factor 2 could be defined as
anthropogenic component, especially agriculture.
These results could be explained by the regional
social and economic conditions of the study areas;
where Cu and Zn are discharged basically from
fertilizers and pesticides into the marine and
alluvial area. This result is accorded with the
previous results of ecological risk assessment
indices, where the study area may be more
polluted by Cu and Zn based on the human and
agricultural activities.

Conclusion

This study provides data on the concentration
level of extractable DTPA-TEA Cu and Zn in
different marine and alluvial soil profiles with
different depths. The available form of heavy
metals is considered in many studies because it
presentsconclusive information regarding the
environmental impact of availability. The results
showed that the mean concentration of Cu was
higher in alluvial soil compared to marine soil
specially in surface depth. The mean values of
Cu (on the contrary of Zn) seems to increase
with depth in marine soil. Evaluating potential
ecological risk revealed that the contamination
level of Cu and Zn in the studied soils was low to
moderate indicating that human and agricultural
activities are relatively responsible for pollution
by those metals in this area. According to this
study, the attention should be paid to the performed
activities in the North Nile Delta, Egypt, because
it may be a source of pollution by both metals in
the future.

TABLE 3. Pearson’s correlation coefficients between Cu, Zn and soil properties of samples collected from marine

and alluvial soils

Cu Zn Fe SOM pH Sand Silt Clay
Cu 1
Zn 0.25 1
Fe 0.68" 0.19 1
SOM 0.75" 0.07 0.52" 1
pH -0.22 -0.25 -0.18 -0.30" 1
Sand -0.79* 0.01 -0.58™ -0.71" 0.18 1
Silt 0.72" 0.03 0.61" 0.64" -0.15 -0.95™ 1
Clay 0.46" -0.06 0.45 0.70" -0.18 -0.91™ 0.74" 1

“Correlation is significant at p b 0.05 (two-tailed).
“Correlation is significant at p b 0.01 (two-tailed).
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TABLE 4. Total variance explained and rotated component matrix (four principal components selected) for soil

properties, Cu and Zn

Initial Eigenvalues

Rotated Component Matrix

Variables
Total Variance % Cumulative % PC1 PC2 PC3
Marin soil
pH 3.64 45.52 45.52 0.57 0.15 0.72
oM 2.15 26.87 72.40 0.01 0.09 0.93
Fe 1.08 13.52 85.92 0.29 -0.63 -0.25
Sand 0.75 9.35 95.27 -0.98 0.13 -0.08
Silt 0.26 3.29 98.57 0.97 -0.14 0.11
Clay 0.11 1.37 99.95 0.98 -0.13 0.06
Cu 0.01 0.04 100.00 0.13 0.92 -0.11
Zn 3.11E-8 3.89E-7 100.000 -0.22 0.80 0.17
Alluvial soil
pH 2.57 32.14 32.14 -0.04 0.77 -0.01
OM 1.63 20.43 52.57 0.23 0.14 0.87
Fe 1.37 17.20 69.77 0.03 0.87 0.04
Sand 0.89 11.17 80.94 0.89 -0.05 -0.08
Silt 0.70 8.77 89.71 -0.66 -0.01 0.13
Clay 0.41 5.11 94.83 -0.71 0.36 -0.15
Cu 0.30 3.73 98.56 0.77 0.32 0.10
Zn 0.11 1.43 100.00 0.41 0.15 -0.75
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